Method comparison for water saturation estimation in shaly sand reservoir for Field X by Wan Zairudin, Wan Ahmad Rafael
METHOD COMPARISON FOR WATER SATURATION ESTIMATION IN 

















A project reportsubmitted in partial fulfilment of the  
requirements for the award of the degree of 
Master of Petroleum Engineering 
 
 
School of Electrical Engineering 
Razak Faculty of Technology and Informatics 










Alhamdulillah, all praise to God for His blessings and guidance which has 
allow me to complete this thesis. Special thanks I bid to my supervisor Prof Madya 
Dr. Muhammad Bin A. Manan who has been extremely supportive and understanding 
throughout the whole process of completing this thesis. I’m also deeply grateful to 
have a list of great lecturers who are always eager to assist in any way they possible 
could. 
I would also like to express my deepest gratitude to my fellow classmates, 
Ismail, Syareena, Noorhashima, Fazdly and Aiman. They are my brainstorming 
buddies, problem solvers and most importantly, my number one moral supporter. I’m 
very proud to have them with me throughout this wonderful journey.  
On top of that, I would also like to extend my appreciation to my family, friends 






The study is done to find out the impact that shale has upon the estimation of 
saturation in a clastic reservoir. It is widely acceptable that shaly sand saturation 
method must be used when dealing with clastic reservoir due to its consideration of 
shale content in its calculation. Despite knowing that, there are just so many shaly sand 
saturation methods available in the industry, hence this study is conducted to identify 
which method is best to represent Field X which located in Malay Basin, Malaysia. A 
controlled condition is developed to ensure consistency for each of the saturation 
methods. This was done by fixing a constant input parameter for each of the methods. 
Apart from that, a referenced saturation log that has been calibrated using core and 
actual field data is being used as the benchmark for comparison. All calculated 
saturation will be compared side by side with the referenced log and a complete 
discussion and analysis is done to identify which method would be best to represent 




Kajian ini dibuat untuk mengenalpasti kesan kehadiran syal terhadap pengiraan 
ketepuan air di dalam takungan klastik. Ia telah menjadi kata sepakat bahawa 
pengiraan ketepuan di takungan klastik mestilah dilakukan dengan menggunakan cara 
pengiraan yang mengambil kira kehadiran syal. Namun begitu, pada masa sekarang, 
terdapat begitu banyak cara pengiraan sedemikian di dalam industri minyak dan gas di 
seluruh dunia. Kajian ini dimulakan dengan niat untuk mengenalpasti cara pengiraan 
manakah yang terbaik untuk digunakan bagi mengira ketepuan di Lapangan X yang 
terletak di Lembangan Melayu, Malaysia. Suatu kondisi yang terkawal telah 
disediakan bagi memastikan keselarasan bagi setiap cara pengiraan yang dibuat. Ini 
dilakukan dengan memalarkan pembolehubah tertentu supaya semua cara pengiraan 
ketepuan yang dibuat dalam kajian ini didasarkan keatas keadaan yang sama. Selain 
itu, satu log ketepuan yang telah ditentu ukur dengan menggunakan data-data dari 
simulasi lapangan dan inti batuan sebagai kayu ukur untuk perbandingan. Semua 
ketepuan yang dikira berdasarkan pengiraan-pengiraan ini akan disusun sebelah-
menyebelah bersama log ketepuan yang ditentu ukur tersebut. Perbincangan dan 
Analisa terhadap ketepuan-ketepuan ini seterusnya dilakukan bagi menentukan 
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1.1 Problem Background 
Oil and gas subsurface’s studies primarily consist of an understanding of the 
structure, connectivity, and properties of the reservoir. When evaluating the value of a 
reservoir, one can’t resist asking how much hydrocarbon they can produce from it. To 
answer that, a thorough understanding of the water saturation, estimated pore volume, 
and formation volume factor are required as input to calculate the hydrocarbon initially 
in-place (HCIIP). The general breakdown of the calculation is based on the formation 
volume factor, hydrocarbon saturation, and reservoir pore volume. Evaluating each of 
these parameters is far from easy and requires huge efforts from various subsurface 
disciplines, mainly; reservoir engineers, geologists, and petrophysicists. Reservoir 
engineers are expected to deliver the formation volume factor, petrophysicist should 
provide the estimated water saturation and average reservoir porosity, while the 
geologist will come up with the most representative pore volume of the targeted 
reservoir based on their geological understanding of the reservoir’s facies distribution. 
Each discipline would have their fair share of hardship in coming up with all these 
deliverables. It is such a broad topic to discuss all of these deliverables in one seating, 
hence for this dissertation, the focus will be on how the water saturation is being 
estimated. 
One could argue that the estimation of water saturation is probably the trickiest 
one out of the lots. That is particularly due to the fact that there are so many water 
saturation methodologies available, and all of them are being used widely in the 
industry. Each of the saturation methods was initially developed based on the same 
fundamental, ie: Archie’s Equation (Archie, 2003), however, they were often modified 
to cater to the varying subsurface parameters of the respective regional environment. 
Using the right water saturation method with the right parameters has always been a 
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challenge to petrophysicists, in coming up with the best water saturation estimation to 
be used by geologists and reservoir engineers in developing their static and dynamic 
reservoir models.  
Figuring out which water saturation models to be used often highly dependent 
on the type of lithology the reservoir is located at. A comprehensive understanding of 
the basin can give an overview of the expected characteristic that the reservoir could 
have such as its structural geology and petroleum system. In order to be specific on 
the topic of discussion, this report will be focusing on the Malay basin. 
Malay basin is located offshore of Peninsula Malaysia and it has been a very 
prolific basin for Malaysia. Most of the reservoirs in the Malay basin are made up of 
clastic; which are often characterized based on its sand and shale lamination. This 
layered reservoir was studied to be the result of multiple cycles of sand deposition 
from different variances of sedimentary rock. 
This lamination of sand and shale, and sometimes clay, give a huge impact on 
the actual value of water saturation. The presence of fine-grained shales and clay 
minerals is known to give an impact on the interaction of rock and fluids in the 
reservoir. Many theories were crafted to cater to this interaction and to find the proper 
relationship to assist in acquiring a better and more accurate saturation estimation. 
Hence this study is brought forth to evaluate the best approach and to understand which 
reservoir parameters or how rock properties contribute towards getting the best 
estimation of reservoir saturation. 
1.2 Problem Statement 
In Malaysia, specifically in Malay basin, PETRONAS has adopted Waxman & 
Smits’s equation (Waxman and Smits, 1968) as the standard methodology in 
estimating its reservoir’s water saturation. There is no official documentation from 
PETRONAS which explains the reason behind the adaptation of the approach that they 
have taken. There was however some hearsay which says that PETRONAS has 
actually conducted a thorough study based on the vast available core data that they 
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have at their disposal, but there is also no official documentation to support this 
statement. Hence this study will look into the various water saturation methodologies 
and apply them to a selected field in the Malay basin and compare the results and 
observation on which methods are more representative for water saturation estimation 
in Malay Basin. 
1.3 Research Hypothesis 
i. A representative water saturation estimation for the shaly-sand reservoir is 
highly impacted by the presence of clay mineral within the formation.  
ii. The types of clay, its distribution and the way the clay is dispersed in the 
formation could change how the water reacted to its surroundings.  
iii. Classification of sedimentary rocks such as grain size, sorting, and angularity 
would impact the estimation of water saturation. 
 
1.4 Research Objectives 
i. To identify if the presence of clay in the reservoir impacts the water saturation 
estimation, and if it does, what could be the main contributing factor to it. 
ii. To evaluate the effects of different clay types towards the reservoir’s initial 
water saturation. 
iii. To analyse the relationship of sedimentary rock’s classifications with the 
reservoir rock properties and how it impacted water saturation estimation.  
 
1.5 Research Scope 
This study focuses on the factors that impact the water saturation estimation of clastic 
reservoirs in Malay basin. The breakdown of the scopes is as follows. 
 
i. Analyzing how clay minerals give impacts towards water saturation by looking 
into different types of clay minerals and matches it to the clay types presence 
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